We analyzed phenotypic variation in white-eared Didelphis and its relevance to the current taxonomy of these opossums. On the basis of morphologic and morphometric data we show that the white-eared Didelphis can be split into 3 groups of populations referred to as albiventris, pernigra, and imperfecta. Morphologically, pernigra possesses a large, peg-like 3rd upper premolar (P3), whereas albiventris and imperfecta possess a small, non-peg-like P3. Also, albiventris has 88% of its specimens in the gray dorsal color phase, whereas the other 2 groups show similar percentages of specimens in the gray and black color phases. Morphometrically, pernigra is significantly larger (P Ͻ 0.05; analysis of variance) than the other 2 groups in most traits. Squared Mahalanobis distances among the 3 groups were found to be high, and discriminant analysis was successful in separating groups (99% of cases correctly classified). The congruence in variation of independent traits indicates genetic differentiation among populations. In addition, the sharp discontinuity observed between the parapatric albiventris and pernigra in Bolivia suggests that limited or no gene flow occurs between them. We conclude that the 3 groups analyzed here merit taxonomic recognition at the species level.
We analyzed phenotypic variation in white-eared Didelphis and its relevance to the current taxonomy of these opossums. On the basis of morphologic and morphometric data we show that the white-eared Didelphis can be split into 3 groups of populations referred to as albiventris, pernigra, and imperfecta. Morphologically, pernigra possesses a large, peg-like 3rd upper premolar (P3), whereas albiventris and imperfecta possess a small, non-peg-like P3. Also, albiventris has 88% of its specimens in the gray dorsal color phase, whereas the other 2 groups show similar percentages of specimens in the gray and black color phases. Morphometrically, pernigra is significantly larger (P Ͻ 0.05; analysis of variance) than the other 2 groups in most traits. Squared Mahalanobis distances among the 3 groups were found to be high, and discriminant analysis was successful in separating groups (99% of cases correctly classified). The congruence in variation of independent traits indicates genetic differentiation among populations. In addition, the sharp discontinuity observed between the parapatric albiventris and pernigra in Bolivia suggests that limited or no gene flow occurs between them. We conclude that the 3 groups analyzed here merit taxonomic recognition at the species level.
Key words: Bolivia, cline, Didelphis, evolution, geographic variation, Marsupialia, neotropical, taxonomy White-eared opossums (Didelphis albiventris group) are mostly distributed across open, mountain, or deciduous forest habitats in South America, such as in the Caatinga, Cerrado, Chaco, and Monte (Cerqueira 1985) , and in forested habitats such as in French Guiana (Catzeflis et al. 1997 ). Populations of white-eared opossums occur in areas with disparate environmental characteristics like rainfall, humidity, water balance, and temperature (Cerqueira 1985) . An example of this variability is the occurrence of white-eared opossums in the Caatinga of northeastern Brazil, a habitat with high tem-* Correspondent: blemos@oeb.harvard.edu peratures all through the year, and in the Andean region where temperatures are frequently low (Cerqueira 1985) .
The large distribution of D. albiventris (sensu Gardner 1993 ) and variability of ecological conditions among populations provide ample ground for evolutionary divergence. This divergence among populations might result from 3 mechanisms: isolation by distance (Rohlf and Schnell 1971; Wright 1943) , mainly caused by large distribution of D. albiventris; different selection regimes imposed upon parapatric populations in different ecological regions (Ehrlich and Raven 1969; Endler 1973) ; and/or allopatric divergence in the event of FIG. 1.-Sample localities of white-eared opossums (genus Didelphis) in South America showing the distribution of the 3 groups analyzed in this report (ⅷ-albiventris; ࡗ-pernigra; Ⅵ-imperfecta). Open square (□) in Bolivia denotes sympatry between albiventris and pernigra.
a previously fragmented distribution (Cerqueira 1982; Coltrinari 1993; Haffer 1982; Marroig and Cerqueira 1997) .
After a preliminary analysis, and considering the extreme ecological variability among regions where white-eared opossum populations are distributed, Cerqueira (1980 Cerqueira ( , 1985 postulated that D. albiventris is a composite taxon. He recognized 2 forms ranked as semispecies: D. albiventris albiventris in the Cerrados, Caatinga, Chaco, Coxilhas, Humid Pampa, Monte, and Tropical Atlantic and D. a. azarae in the Equatorial Andes, Puna, and Páramo. A 3rd form was described by Mondolfi and Peréz-Hernández (1984) in the Venezuelan Guiana region and named D. albiventris imperfectus. Gardner (1993) , however, placed all white-eared opossum populations in D. albiventris. Consequently, D. albiventis is currently the only widely accepted and consistently recognized species of white-eared opossums.
More recently, Voss and Emmons (1996) Cerqueira 1985) . Those recent assessments, however, were made within the scope of broad studies not directly devoted to study Didelphis taxonomy.
Therefore, a comprehensive description of phenotypic variation in white-eared Didelphis and an assessment of its relevance to the current taxonomy of these opossums are lacking. Accordingly, 2 main problems confuse taxonomic and evolutionary considerations of white-eared opossums. First, the nomenclature of different groups of populations of white-eared opossums is controversial. Second, a clear description of character variation among white-eared opossum populations is required for a better assessment of their evolutionary history and taxonomic status. By properly describing character variation within white-eared opossums and relating it to the evolutionary history of populations, a more reliable basis for taxonomic decisions might be provided.
We provide an analysis of phenotypic variation in white-eared Didelphis aimed at addressing taxonomic issues in these opossums. Our perspective is based on a suite of morphometric and qualitative traits that were compared among regional groups of populations.
MATERIALS AND METHODS
On the basis of variation in morphology of the 3rd upper premolar (P3) and geographical grounds, we separated white-eared Didelphis into 3 regional groups that were subsequently analyzed for variation in other morphometric and qualitative traits. These 3 groups are referred to as albiventris Lund 1840, pernigra Allen 1900, and imperfecta Mondolfi & Pérez-Hernández 1984 . These are the oldest names that apply to the distinct phenotypes discussed.
Our sample of albiventris (Appendix I) consists of specimens from several localities from northeastern Brazil, across central and southern Brazil, to Uruguay, Argentina, and Paraguay (Fig. 1) ; more specimens were available from Brazil (especially the northeastern and central regions) than from Argentina, Paraguay, and Uruguay. Our sample of pernigra comprises FIG. 2.-Morphology P3 in white-eared opossums, as seen in occlusal view, showing rounded shape and overall heavier appearance of peg-like morphology in pernigra (middle) compared with non-peg-like morphology and pronounced groove in albiventris (top) and imperfecta (bottom). Drawn from specimens MN 13414 (albiventris, top), AMNH 18996 (pernigra, middle), and AMNH 77350 (imperfecta, bottom). All specimens are male adults. specimens evenly distributed from western Venezuela across Colombia and Ecuador to southern Perú, mostly at high altitudes in the Andes. Our sample of imperfecta comprises specimens from southeastern Venezuela and northern Brazil. It is noteworthy that 2 distinct P3 morphotypes were observed in Bolivia; therefore, specimens from Bolivia were treated as unknowns in morphometric and qualitative analyses.
The 2 color phases (gray, black) occurring in white-eared opossums result from the color of guard hairs. To score this character, we considered those specimens possessing only black guard hairs as black, whereas specimens possessing any white guard hairs were scored as gray (Gardner 1973) . For scoring of P3 morphology, 2 morphotypes were distinguishable by 2 characteristics: the pronounced groove in the posterior-labial region of non-peg-like teeth, whereas the groove is completely lacking or much less prominent in peg-like teeth; and larger size and heavier overall aspect in peg-like teeth than in non-peg-like teeth (Mondolfi and Pérez-Hernández 1984; Fig. 2) .
Most morphometric analyses were based on 18 cranial measurements (Fig. 3) taken with a digital caliper from 638 skulls of adult whiteeared Didelphis specimens (belonging to dental age classes 6 or 7 of Tyndale-Biscoe and Mackenzie 1976). For pernigra and imperfecta, we attempted to measure or score all traits in all specimens. For albiventris (sensu stricto), however, we measured length of P3 and width of P3 (n ϭ 62) and scored the dorsal color pattern (n ϭ 116) and morphology of P3 (n ϭ 90) in reduced samples; these samples spanned the whole distribution of albiventris. Specimens examined and localities are given in Appendix I.
Statistical analyses followed Klecka (1980) , Sokal and Rohlf (1995) , and Zar (1996) . The natural logarithm (ln) of raw data was used in all morphometric analyses. Kolmogorov-Smirnov and Levene tests evaluated groups for normality and homoescedasticity, respectively. Males were significantly (P Ͻ 0.05) larger than females in all cranial measurements; therefore, sexes were analyzed separately in all univariate procedures. Sexes were pooled in discriminant and principal component analyses. Only the 18 measurements ( Fig. 3) were used in multivariate analyses. Because length of P3 and width of P3 were measured in a smaller sample, they could not be included in multivariate analyses.
FIG. 3.-Measurements taken on
Didelphis skulls, as seen on dorsal (top) and ventral (middle) views of skull and on mandible (bottom): GLS-greatest length of skull; CB-condylobasal length; PL-palatal length; ZB-zygomatic breadth; BBC-breadth of braincase; BAMbreadth across molars; CAN-breadth across canines; SM-length of upper molar series; SIMlength of lower molar series; MAX-length of maxillary toothrow; MAD-length of mandible; NAS-length of nasal; ROS-breadth of rostrum across jugals; RAF-breadth of rostrum across frontals; GBN-greatest breadth of nasals; IC-interorbital constriction; POC-postorbital constriction; BPS-breadth of palatal shelf. Measurements are as defined by Gardner (1973) and Cerqueira (1980) . Length (LP3) and width (WP3) of P3 are not shown.
We carried out analysis of variance (ANOVA) and discriminant analyses to test for differentiation among the 3 groups of white-eared opossums defined based on geographical ( Fig. 1 ) and morphological data (Fig. 2) . The Scheffé test for multiple comparisons was used for evaluating group differences found in ANOVA. Because albiventris and pernigra are both said to occur in Bolivia (Anderson 1997 ) and two P3 morphotypes were observed in this area, we excluded Bolivian specimens from the discriminant analysis; these specimens were treated as ungrouped and subsequently classified based on discriminant functions. Principal component analysis was carried out on the correlation matrix. An advantage of principal component analysis over discriminant analysis is that the former allows interpretations regarding differences in size and shape components of morphometric variation (Thorpe and Leamy 1983) . In addition, principal component analysis does not require a priori determinations of group membership. Differences in black and gray color phases were analyzed by chi-square test.
RESULTS
Morphologic variation.-Morphological observations showed that pernigra has denser pelage than albiventris and imperfecta, consisting of long black guard hairs. Even in gray-phase individuals of pernigra, long black guard hairs are predominant, with few long white guard hairs. In specimens of albiventris, pelage was considerably less dense than in other species, showing scarce, mostly white, guard hairs. Grayphase albiventris specimens generally have few black guard hairs, with white guard hairs predominating.
Additionally, the black facial marks are more pronounced in pernigra than in albiventris and imperfecta because of extreme whiteness of the contrasting background. Conversely, in albiventris and imperfecta, facial background fur was rather dusty or whitish-gray, making their facial stripes less distinct. This lack of contrast was particularly evident in populations occurring in the Cerrado or Caatinga of Brazil, with southern populations of albiventris showing more distinct facial masks than northern ones.
Finally, ear coloration is another trait that exhibits taxonomic variation. In imperfecta, ear is mostly black, with only one-fourth of ear, at the superior border, totally white. In contrast, albiventris has black spotting at ear base, whereas ears of pernigra are completely white.
A chi-square test showed a significant association between pelage color phase and group membership ( 2 ϭ 52.43, d.f. ϭ 3, P Ͻ 0.001), mainly because of higher frequency of gray-phase specimens in albiventris (Table 1) . Separate chi-square tests between albiventris and any other group were highly significant (P Ͻ 0.001). However, separate chi-square tests between any combinations of pernigra, imperfecta, and white-eared Didelphis from Bolivia were not significant. Although these samples showed similar frequencies of gray and black phases, a slight excess of the gray phase in the Bolivian sample was noticeable.
Peg-like 3rd premolars (after Mondolfi and Pérez-Hernández 1984) show larger length and width and overall heavier aspect as compared with non-peg-like teeth (Fig.  2) . Also, non-peg-like 3rd premolars show a pronounced groove in posterior-labial region. This groove is much less prominent or completely lacking in peg-like morphology. Specimens of albiventris and imperfecta generally possess thin 3rd premolars showing a pronounced groove in their posterior-labial region. Specimens of pernigra possess large and heavy 3rd premolars, showing a rounded shape and without the conspicuous groove present in the other 2 forms. Systematic scoring of the P3 morphology in white-eared opossums showed that peg-like P3 occurs only in pernigra (n ϭ 95; 12 specimens with indeterminate morphology), whereas non-peg-like P3 occurs in albiventris (n ϭ 90; 13 specimens with indeterminate morphology) and imperfecta (n ϭ 16; 2 specimens with indeterminate morphology). Cases not easily distinguishable as peg-like or non-peg-like were classified as indeterminate. The 2 alternative P3 morphologies were observed in the material from Bolivia: 5 specimens showed peg-like morphology and 9 nonpeg-like morphology.
Specimens from Bolivia deserved particular attention. Specimens from 12 km N and 11 km E of Tarabuco (Department of Chuquisaca, 2,450 m; AMNH 263546), Rancho Tambo (61 km by road E of Tarija, 2,100 m; AMNH 262416), and Tapecua (Department of Tarija, 1,500 m; AMNH 263967) showed a non-peg-like P3 morphology. These specimens were identified as albiventris on morphological grounds, showing that this species also occurs at high altitudes in the Andean region. Our observations generally agreed with Anderson's (1997) parapatric mapping of albiventris and pernigra distribution in Bolivia. However, 2 specimens from Vinto (Department of Cochabamba, 2,621 m; AMNH 38777 and 38778) showed a non-peg-like P3, whereas in another one the P3 was peg-like (AMNH 38776). Therefore, on morphological grounds, 2 specimens were identified as albiventris and 1 as pernigra. These data indicate that albiventris and pernigra are sympatric at this locality.
Morphometric variation.-KolmogorovSmirnov tests showed that most characters, in all 3 groups, were normally distributed. Variances, however, were not always homogeneous among groups. Among males, 11 of 20 measurements had homogeneous variances as determined by the Levene test. Among females, however, only 3 measure- ments had homogeneous variances. The albiventris sample showed highest variance in all characters, except for length of P3 in females and width of P3 in males. Exclusion of Argentinean populations from the albiventris sample reduced its variance to levels similar to that of the 2 other species. Tests of homogeneity of variances, when applied to this reduced sample of albiventris, resulted in 18 and 9 homogeneous variances in males and females, respectively. Excluding the Argentinean populations of albiventris had only a slight effect on the ANOVA results. The pernigra sample showed highest values for all cranial characters and for both sexes (Appendix II). The albiventris sample showed lowest values for all characters (Appendix II), except breadth of braincase (BBC), length of P3 (LP3), width of P3 (WP3), breadth of rostrum across frontals (RAF), and zygomatic breadth (ZB) in both males and females; breadth across canines (CAN) in males only; and greatest breadth of nasals (GBN) in females only. ANOVA indicated a highly significant differentiation between the 3 groups with P Ͻ 0.0001 for all characters and for both sexes (Table 2 ). In males, the Scheffé test showed that pernigra differed from albiventris and imperfecta by 20 and 16 measurements, respectively, whereas albiventris and imperfecta differed in only 2 characters-postorbital constriction (POC) and length of lower molar series (SMI). In females, the Scheffé test revealed differences between pernigra and albiventris or imperfecta in 20 and 11 measurements, respectively, whereas albiventris and imperfecta differed only in 4 measurements-POC, breadth of rostrum across jugals (ROS), SMI, and WP3. POC and SMI separated albiventris from imperfecta in both sex groups. These results were obtained with the Scheffé test, which is one of the most conservative tests for detecting differences in ANOVA. Accordingly, differences (Table 4 ) to discriminate among 3 groups (albiventris, pernigra, and imperfects) of white-eared opossums (genus Didelphis). Specimens from localities in Bolivia were treated as ungrouped during the estimation of the discriminant functions and were subsequently classified based on those functions. between albiventris and imperfecta increased about 2-fold with the Tukey test. Discriminant analysis was successful in separating albiventris, pernigra, and imperfecta ( Fig. 4A ; Wilks' lambda ϭ 0.235 and 0.774 for the 1st and 2nd discriminant functions, respectively; P Ͻ 0.0001 at both functions). Projection of specimen scores for the first 2 discriminant functions revealed a clear separation between albiventris, pernigra, and imperfecta (Fig. 4A) and a slight overlap of pernigra and albiventris specimens resulting from wider variation of albiventris. Table 3 shows classification results of discriminant analysis. The squared Mahalanobis distances (D 2 ) were 16.36 (albiventris-pernigra), 21.13 (albiventris-imperfecta), and 17.12 (pernigra-imperfecta). The correlation coefficients between discriminant variables and canonical discriminant functions and the nonstandardized canonical discriminant function coefficients are shown in Table 4 . Group membership of unidentified specimens can be estimated using nonstandardized discriminant coefficients.
The first 3 principal components accounted for 91.1% of total variance. All first component loadings were positive and of similar magnitude, thus indicating general size (Table 4) . Hence, 2nd and 3rd principal components could be interpreted as shape factors. Projection of specimen's scores of the first 2 principal components (Fig. 4B ) revealed a clear separation between albiventris and pernigra core populations both in size and in shape. Specimens of imperfecta were within the pernigra Finally, bivariate plots also showed differentiation between the 3 population groups. Specimens of pernigra showed a considerably large P3 (Fig. 4C) , whereas specimens of albiventris showed a short molar series (SM) and a thin POC (Fig.  4D) . Also, specimens of albiventris from Argentina and Bolivia were generally closer to the pernigra group than were albiventris specimens from central and northeastern Brazil (not shown).
Application of the discriminant function for classifying cases from Bolivian localities assigned 2 specimens (AMNH numbers 38776 and 72573) to the pernigra group, whereas the remaining 5 specimens (AMNH numbers 39006, 262416, 263546, 263967, and 38779) were assigned to the albiventris group. In only 1 case (AMNH 38779) was disagreement between the classification based on the discriminant function (as albiventris) and P3 morphology (presence of peg-like P3 as in pernigra).
DISCUSSION
Phenotypic differentiation.-Because of the parapatric distributions for pernigra and JOURNAL OF MAMMALOGY albiventris, sharp differences between them are especially striking. Our data show sharp differences between pernigra and either albiventris or imperfecta in morphology of P3. This indicates limited or no introgression between these 2 forms with respect to morphology of P3. Available data also point to a steep cline for the ratio between gray and black color phases and suggest a sharp transition, from populations where the gray-phase is highly predominant (albiventris) to populations where black-phase individuals are slightly predominant (pernigra and imperfecta).
The pattern of variation in morphometric data is in agreement with that observed with qualitative data. The 3 groups were morphometrically distinct, not only in size (pernigra being the largest and followed by imperfecta and albiventris), but also in shape (as determined by the 2nd principal component). The higher variances observed in albiventris in both univariate (Figs. 4C and 4D; Appendix II) and multivariate data (Figs. 4A and 4B) suggest geographic variation. In fact, specimens in southern areas of the albiventris distribution were larger than those in northern areas (e.g., those from the Cerrado of Central Brazil and Caatinga).
The distribution of pernigra and albiventris in Bolivia potentially allows crossbreeding between these groups, and the sharp discontinuity between them is especially noticeable in light of the ecological characteristics of Didelphis. Species of Didelphis are characterized as generalists, with large home ranges and high migration between populations, as compared with other Neotropical small mammals (Cerqueira et al. 1990; Charles-Dominique 1983; Cordero and Nicolas 1987; Freitas et al. 1997; Gentile and Cerqueira 1995; Julien-Laferrière and Atramentowicz 1990; Leite et al. 1996; Santori et al. 1995) . Accordingly, low population genetic subdivision may be expected as compared with other small mammals; therefore, sharp genetic differentiation across small geographical distances is particularly unlikely. Three hypotheses might explain the sharp discontinuity between the parapatric albiventris and pernigra in Bolivia: natural selection might be currently maintaining the discontinuity, despite substantial gene flow; the pattern is environmentally induced; or gene flow is lacking or very limited. We argue that limited or no gene flow (3rd hypothesis) seems to be the best explanation for the pattern observed, although we cannot unequivocally rule out current natural selection (1st hypothesis) or phenotypic plasticity (2nd hypothesis) as potential explanations.
If trait variation between albiventris and pernigra resulted from current natural selection, we must assume that these traits are not genetically independent (showing correlated responses to selection) or are under similar selection pressures. Natural selection should not change overall genetic composition of either group, but rather selection pressure would affect traits directly, together with a suite of other correlated ones. Unless these traits were correlated with reproductive traits, selection is not likely to influence gene flow between these 2 forms. We analyzed a suite of presumably independent traits that should have shown distinct patterns of variation. Hence, we consider the hypothesis that natural selection is promoting the observed pattern, despite gene flow between albiventris and pernigra to be unlikely.
The 2nd hypothesis implies that observed variation is not genetically determined but that it arose during ontogeny by effects of different environments on an overall similar genetic background (Dunbar 1990 ). However, similar to the 1st hypothesis, genetically independent traits are not expected to show similar patterns of variation. Therefore, environmental variation does not appear sufficient to explain the overall pattern here described, particularly the sharp discontinuity between albiventris and pernigra.
Finally, agreement among the presumably independent characters analyzed fa-vors the 3rd hypothesis. The concordant patterns of variation in independent traits indicate that the overall pattern stems neither from current natural selection on specific traits nor from environmental effects. On the contrary, limited or no gene flow seems the best explanation for discontinuity.
Taxonomy.-Decisions concerning taxonomic status require that reproductive isolation be tested by either examining sympatric populations with genetic markers (Patton and Da Silva 1997) or experimental breeding (Bonvicino et al. 1996) . As genetic data are often unavailable, identifying deep divergences based on phenotypic characters is an alternative (Thorpe 1976 (Thorpe , 1987 . Critical to this approach is congruence among independent characters in pattern of within-group cohesion and betweengroup discontinuity (Thorpe 1987 ). Therefore, phenotypic patterns can be used to determine the degree of genetic cohesion within and discontinuity between population groups (sensu Templeton 1989) and might reflect patterns of phylogenetic relationship among populations. Our results indicate sharp discontinuities among the 3 groups and substantial cohesion within each of them. However, additional fine-grained analyses of individual populations are needed to further describe variation within each group.
Morphometric divergence among the 3 groups is high as indicated by the squared Mahalanobis distances between groups (18.20 on average). Conversely, sister species of black-eared opossums (D. aurita and D. marsupialis) have Mahalanobis distance slightly higher than 5 (Cerqueira and Lemos 2000) . These findings are consistent with taxonomic recognition at the species level for the 3 groups.
Nomenclatural comments.-Controversies regarding nomenclature of white-eared Didelphis populations persist. Early in the 20th century, white-eared opossums were identified as D. azarae Temminck, 1824 or D. paraguayensis Oken, 1816 group (Allen 1902 and references therein). However, because Oken's paper was not binomial, D. paraguayensis is not an available name and was abandoned. Hershkovitz (1969:403) later argued that the name D. azarae was based on black-eared opossums and proposed to adopt the next available name, D. albiventris, to refer to the white-eared opossums. Subsequent authors followed him, and D. albiventris is currently adopted (Anderson 1997; Gardner 1993 
RESUMO
Neste estudo analisamos a variação fenotípica nos cassacos de orelhas brancas (grupo D. albiventris), bem como a relevância desta variação para a taxonomia corrente destes animais. Os cassacos foram separados em 3 grupos de populações denominadas albiventris, pernigra e imperfecta. A análise da variação entre estes grupos mostrou que pernigra possui o terceiro premolar bojudo e abaloado, e de tamanho maior que nos demais 2 grupos (albiventris e imperfecta). Alem disto, 88% dos indivíduos de albiventris apresentaram padrão de coloração dorsal cinza, enquanto que pernigra e imperfecta possuem frequência similar de indivíduos com coloração dorsal cinza e preta. O tamanho de pernigra é significativamente maior (P Ͻ 0.05; ANOVA) que dos outros 2 grupos na maioria dos caracteres morfométricos. A distância de Mahalanobis entre grupos foi bastante alta e a análise discriminante foi eficiente em separar os 3 grupos (99% dos casos classificados corretamente). O padrão de variação congruente entre caracteres independentes sugere diferenciação genética entre os grupos. Alem disto, a descontinuidade morfológica encontrada entre as populações parapátricas de albiventris e pernigra na Bolívia sugere ausência de fluxo gênico entre estes 2 grupos. Nos concluímos que os 3 grupos analisados merecem reconhecimento taxonômico ao nível especifico.
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